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® Microwave device. 

® There is disclosed a microwave device comprising a substrate (1) made of a dielectric material and a 
frequency conversion circuit formed on a front surface of the substrate (1) and having a microstrip line (16.17) 
for input and output thereof and a radio frequency amplifier (11), the substrate (1) being partially thinned in a 
portion of a rear surface thereof a faced to the radio frequency amplifier (11), the width of said microstrip lines 
(16,17) being selected so that the change In the characteristic impedance of the microstrip lines which crosses 
the'front surface of the substrate, a thickness of which is changed, is smaller than 10 %. 
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BACKGROUND OF THE INVENTION 
(Reld of the invention) 

5 The present invention relates to a microwave device for amplifying low noise, which is used in a 
receiver for. e.g., a direct broadcast satellite (DBS) system. 

(Related background art) 

10 Conventionally, a microwave device of this type often employs a microstrip line prepared by forming a 
metal thin film on a dielectric member. Rg. 1 shows a general structure of the microstrip line. As shown in 
Rg. 1, a conductive layer 31 is formed on a rear surface of a dielectric member 32 having a thickness 41, 
and a strip conductor 33 having a width 42 Is formed on the front surface of the dielectric member 32. thus 
constituting a microstrip line. 

75 In the microwave device, a demand has arisen for decreasing the thickness of the dielectric member 
32. When the thickness of the dielectric member 32 is decreased, the following advantages are obtained. 

Rrst. since the width 42 of the strip conductor 33 can be decreased, a chip size can be reduced. Since 
the characteristic impedance of the microstrip line is expressed by a ratio of the width 42 of the strip 
conductor 33 to the thickness 41 of the dielectric member 32, if the thickness of the dielectric member 32 is 

20 decreased, the width of the strip conductor 33 can also be decreased within a range wherein the ratio is left 
unchanged. 

Second, when the thickness of the dielectric member 32 is decreased, a vla-hole connecting the 
conductive layer 31 and the strip conductor 33 can be rendered shallow, and a transmission loss between 
the layer 31 and the conductor 33 can be reduced. Thus, low-noise characteristics can be improved. 
25 Third, variations in shape and dimensions of the vla-hole can be reduced, and variations In performance 
of the microwave device can be eliminated. 

In this manner, it is important to decrease the thickness of the dielectric member 32 in view of an 
improvement of the performance of the microwave device. In particular, since a RF amplifier of a down 
converter Is required to have good low-noise characteristics, if the thickness of tiie dielectric meml>er can 
30 be decreased, a remarkable Improvement of the performance can be expected. 

However, when the thickness Is decreased, the foltowing new problems are posed. 

Rrst, if the thickness is excessively decreased In a process of decreasing the thrckness of the dielectric 
member 32. the yield is decreased. 

Second, since it Is difficult to handle a semiconductor having a decreased thickness, the yield in the 
35 process after the decrease in thickness is decreased. 

Third, a transmission loss is Increased. 

As described above, when the thickness of the dielectric member 32 can be decreased, the perfor- 
mance can be improved. However, the thickness of the dielectric member 32 cannot be decreased 
drastically due to the above-mentioned problems. 

40 

SUMMARY OF THE INVENTION 

It is an object of the present invention to eliminate the above-mentioned problems, and to improve the 
performance of a microwave device by decreasing the thickness of the dielectric member 32. 

45 In the present invention, since the thickness of the dielectric substrate is partially decreased, low-noise 
characteristics of a frequency conversion circuit formed on the microwave device can be improved without 
decreasing the mechanical strength of the microwave device. In addition, since the microstrip line which 
crosses the upper surface of the dielectric substrate whose thickness is changed has a high characteristic 
impedance, the characteristic impedance of the microstrip line, which crosses portions of the substrate 

50 having different thicknesses is not considerably changed. 

Further according to the present invention, a dielectric substrate of a circuit portion of a RF iow-noise 
amplifier is locally removed from a lower surface tiiereof to have a small thickness, and a microstrip line 
which crosses the upper surface of the dielectric substrate, a thickness of which Is changed. Is formed to 
have a high characteristic impedance. 

66 Concretely, one object of the present invention Is to provide a microwave device comprising a substrate 
made of a dielectric material and a frequency conversion circuit formed on a front surface of said substrate 
and having a microstrip line for input and output tiiereof and a radio frequency amplifier, sard substrate 
being partially thinned in a portion of a rear surface thereof a faced to said radio frequency amplifier, the 
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width of said microstrip lines being selected so that the change in the characteristic impedance of the 
microstrip lines which crosses the front surface of the substrate, a thickness of which is changed, is smaller 
than 10 %. 

Further object of the present invention is to provide a microwave device comprising a substrate made of 

5 a dielectric material and having a conductive layer for a microstrip line on a rear surface thereof and a 
frequency conversion circuit formed on a front surface of said substrate and having a microstrip line for 
input and output thereof and a radio frequency amplifier a portion of said radio frequency amplifier being 
electrically connected to said conductive layer through a through hole formed In said substrate, said 
substrate being partially thinned in a portion of said back suri'ace thereof conespondlng to said through 

10 hole, and the width of said microstrip lines being selected so that the change in the characteristic 
Impedance of the microstrip line, which crosses the front surface of the substrate, a thickness of which Is 
changed, is smaller than 10 %. 

The present invention will become more fully understood from the detailed description given herein- 
beiow and the accompanying drawings which are given by way of illustration only, and thus are not to be 

IS considered as limiting the present invention. 

Further scope of applicability of the present invention will become apparent from the detailed 
description given hereinafter. However, it should be understood that the detailed description and specific 
examples, while indicating preferred embodiments of the invention, are given by way of illustration only, 
since various changes and modifications within the spirit and scope of the invention will become apparent to 

20 those skilled In the art form this detailed description. 

Brief Description of the Drawings 

Rg. 1 is a perspective view showing a conventional microstrip line. 
25 Rg. 2A is a plan view showing a down converter according to an embodiment of the present invention; 
Fig. 2B is a sectional view taken along a line B - B in Rg. 2A; 

Rg, 3 Is a partially enlarged sectional view in a direction perpendicular to the line B - B of the down 
converter shown in Rg. 2A; 

Rg. 4A is a partially enlarged sectional view of a down converter which Is not effective to prevent 
30 mismatching in a line portion; 

Rg. 4B is a plan view of the down converter shown In Fig. 4A; 

Rg. 5A shows a circuit diagram of a RF anripllfier shown in Rg.2A; and 

Rg.5B shows a general view of a circuit pattem of a RF amplifier on a chip. 

36 Description of the Preferred Embodiment 

An embodiment of the present Invention will be described below with reference to Rgs. 2A and 2B of 
the accompanying drawings. 

Fig. 2A is a plan view showing a circuit of a down converter according to the embodiment of the 
40 present invention, and Fig. 2B is a sectional view taken along a line B - B in Rg. 2A. In Rgs. 2A and 2B, a 
RF amplifier 11, a reception mb<er 12. an oscillation circuit 13, and an IF amplifier 14 are respectively 
formed on a QaAs substrate 1. 

The operation of the down converter is as follows. A microwave having a frequency of about 10 to 18 
GHz in a radio frequency band is applied from an input terminal 10. and a signal amplified by the RF (radio 
45 frequency) amplifier 11 is mixed with a local oscillator output from the oscillation circuit 13 by the reception 
mixer 12. After the input signal is converted to an intermediate frequency signal of 1 to 2 GHz, the 
converted signal is amplified by the IF (intermediate frequency) amplifier 14, and the amplified signal is 
output from an output terminal 15. 

As shown in Rg. 5A, the RF amplifier 11 of the down-converter comprises four stages of FETs (Field 
so Effect Transistor) 101, 102. 103 and 104, and source terminals 101a, 102a, 103a and 104a of the FETs 
101,102.103 and 104. which are corresponding to a pattern 2 (Rg. 2B). respectively, are grounded through 
a conductive pattem 3 (Fig. 28) formed on the rear surface of the GaAs substrate 1. The source terminals 
101a, 102a. 103a and 104a are electrically connected to the conductive pattem 3 (Rg. 2B) through via-holes 
2a (Fig. 2B) fonmed in the GaAs substrate 1 . 
55 Further, drain terminals 101b, 102b of the FETs 101 and 102 are connected to each other and to a 
power supply SI. Drain terminals 103b and 104b of the FETs 103 and 104 are connected to each other and 
to the power supply S2. The drain terminals 101b. 102b. 103b and 104d are also respectively connected to 
gate tenninals 101c. 102c 103c and 104c of the next stage FET through capacitors. Gate terminals of the 
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transistors 101, 102. 103 and 104 are grounded through load elements, such as resistances. A top view of a 
circuit pattern of the RF amplifier 1 1 formed on the micro-wave device chip Is shown in Rg. 5B. As shown 
therein, the source terminals are connected to the conductive pattem 3 (Rg. 2B) formed on the rear surface 
of the GaAs substrate 1 through the via-holes lOld. 102d. 103d and 104d (Rg. 5B). 

5 In this embodiment, the GaAs substrate 1 is used as a dielectric member. 

As described above, the thickness of the GaAs substrate 1 is preferably decreased as much as possible 
to improve a performance, for example, to minimize a chip size, and to improve low-noise characteristics. 

However, in manufacturing processes such as etching, electrode metal deposition, and the like, a 
thickness of a minimum of 400 um Is required since a mechanical strength must be high enough to 

10 withstand working processes. In this emt)0diment, manufacturing processes are performed using a substrate 
having a thickness of 400 um, and in the final manufacturing process, the substrate is ground to have a 
thickness of about 150 um. The reason why the substrate is not ground below a thickness of 150 um is as 
follows. If the substrate is ground below a thickness of 150 um. the yield of a thin film formation process 
itself is decreased, and the yield in, e.g.. an assembling process after the thin film formation process is also 

75 decreased. In the grinding process, a method of polishing the substrate using a grinding wheel of diamond 
particles, and finally finishing the surface to be flat by wet etching is employed. In the wet etching, a 
solution having a ratio of, e.g., HzSO* : H2O2 : H2O = 1 : 1 : 10 is used. 

Since the RF amplifier 1 1 is required especially to have good low-noise characteristics, the thickness is 
preferably decreased to about 100 um to improve the performance. As described above, since the loss of 

20 the via-hole is decreased, and variations in shape and dimensions of the via-hole can be decreased, 
variations in performance of ICs can be minimized. 

For this reason, a portion of the GaAs substrate 1 having a thickness of 160 um is removed to have a 
thickness of about 100 um by selective wet etching using a mask. More specifically, a portion correspond- 
ing to a region including the RF amplifier 11 is removed over a length lb. Rnally, a conductive layer 3 is 

25 formed on the rear surface of the GaAs substrate 1 . 

Transmission lines 16 and 17 for respectively connecting between the input terminal 10 and the RF 
amplifier 11, and between the RF amplifier 11 and the reception mixer 12 are formed to have a width 
smaller than lOum, preferably, 5 um. For example, the section of the substrate along the transmission line 
17, i.e.. a partial enlarged view of the substrate section in a direction perpendicular to a line B - B in Rg. 2A 

30 Is shown in Fig. 3. The transmission line 17 is formed to cross the front surface of the GaAs substrate 1, 
where the thickness of the substrate is changed from di « 100 um to da =150 um, and the characteristic 
impedance of the line is higher than a characteristic impedance of 50 Q of another transmission line since 
the line width is smaller than lOum, preferably 5 um. 

Table 1 below summarizes a characteristic impedance Za on a substrate portion having a thickness of 

35 100 um, a characteristic impedance Zb on a substrate portion having a thickness of 150 um, and a 
changing rate a between these impedances Za and Zb, when the line width of the transmission line 17 on 
the GaAs substrate 1 is changed. 
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Table 1 above reveals that, for example, when the transmission line has a width of 10 um, the 
characteristic Impedance Za of the line portion on the substrate having a thickness of 100 urn is 90 0. the 
characteristic impedance Zb of the line portion on the substrate having a thickness of 150 urn is 99 Q. and 
the changing rate o of the characteristic impedances when the thickness of the sut)Strate is changed from 

5 100 ixm to 150 urn is 10 %. As can be understood from Table 1 above, when the line width is 10 ixm, the 
characteristic impedance is changed by only 10 %. and the influence caused by crossing portions of the 
substrate having different thicknesses is small. 

Further, when the transmission line has a width of 5um. the characteristic impedance Za of the line 
portion on the substrate having a thickness of 100 urn is 90 fl. the characteristic impedance Zb of the line 

10 portion on the substrate having a tiiickness of 150 urn is 111 Q. and the change of the characteristic 
impedances when the thickness of tiie substrate is changed from 100 urn to 150 urn Is 8,8 %. As can be 
understood from Table 1 above, when the line width is 5 ixm, tiie characteristic impedance is changed by 
only 8.8 % which is smaller that of the line width 10 um, and the influence caused by crossing portions of 
the substrate having different thickness is smaller than tiiat of tiie line widtii, 10 um. 

75 In this manner, when the transmission line 17 Is formed to have a line width smaller than 10 iim, even 
when the transmission line 17 crosses substrate portions of the GaAs substrate 1 where the thickness Is 
changed, its characteristic impedance is not considerably changed, and no mismatching occurs. The same 
applies to the transmission line 16 like in the transmission line 17, and no mismatching occurs due to a 
change In thickness of the substrate. 

20 In contrast to this, in a conventional microwave device, respective circuit blocks are designated to have 
an input/output impedance of 50 Q, and are connected via transmission lines each having a characteristic 
Impedance of 50 Q. For this reason, when the transmission line crosses a substrate portion where the 
thickness is changed, the characteristic impedance is largely changed, thus causing mismatching. Accord- 
ing to the present invention, the conventional drawback can be eliminated, and no mismatching occurs. 

25 In addition to a means for increasing a characteristic Impedance by decreasing tiie line widtii of the 
transmission line like in this embodiment, the following means may be proposed. However, tiiis means is 
not effective. 

More specifically, this means is as shown in Figs. 4A and 4B. In tiiis means, tiie line width of a 
transmission line 22 on a substrate 21 whose thickness is changed is increased in conrespondence with a 

30 change in thickness of the substrate. Rg. 4A is a sectional view of the substrate along the transmission line, 
and Rg. 4B Is a plan view of the substrate. With tills means, when etching for decreasing the thickness of a 
lower surface portion corresponding to an RF amplifier is performed in the manufacture of a microwave 
device, perfect alignment witii a pattern of the upper surface must be achieved. For this reason, this causes 
difficulty in the manufacturing technique, and is not practical. Furttiemaore, in Rgs. 4A and 4B, a stepped 

35 portion 21a of tiie lower surface Is Illustrated as a forward mesa pattem. However. In a direction 
perpendicular to the sectional direction, the stepped portion has a reverse mesa pattem. and the means 
shown In Figs. 4A and 48 cannot be used. 

However, when the above-mentioned structure according to this embodiment is employed, high- 
precision alignment Is not required in lower surface etching in the manufacture of the device unlike in a 

40 conventional method, and the structure of this embodiment can cope witfi a case in which a transmission 
line passes In a reverse mesa direction. 

In this embodiment, the down converter, for which a partial thin film structure is effective, of the 
frequency conversion circuit has been exemplified. However, tiie present invention can be applied to, e.g., 
an up converter. 

45 As described above, since the structure according to the present invention allows a decrease in widtii of 
a strip conductor, a chip size can be reduced. In addition, a transmission loss of a via-hole for connecting 
the strip conductor and a conductive layer on the lower surface can be reduced, and low-noise characteris- 
tics can be improved. 

Since the microstrip line crossing a substrate surface portion where the thickness of a dielectric 
50 substrate is changed has a high characteristic impedance, the characteristic impedance of the microstip 
line which crosses substrate portions having different thicknesses is not considerably changed. For this 
reason, according to the structure of the present invention, no mismatching occurs in a line portion, and a 
circuit connection technique with a small change in characteristics can be provided. 

From the invention thus described. It will be obvious tiiat the invention may be varied in many ways. 
55 Such variations are not to be regarded as a departure from the spirit and scope of the invention, and all 
such modifications as would be obvious to one skilled in tiie art are intended to be included within the 
scope of the following claims. 
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Claims 

1. A microwave device comprising: 

a substrate made of a dielectric material; and 
5 a frequency conversion circuit formed on a front surface of said substrate and having a microstrip 

line for input and output thereof and a radio frequency amplifier; 

said substrate being partially thinned in a portion of a rear surface thereof a faced to said radio 
frequency amplifier, the width of said microstrip lines being selected so that the change in the 
characteristic impedance of the microstrip lines which crosses the front surface of the substrate, a 
10 thickness of which is changed, is smaller than 10 %. 

2. A microwave device according to claim 1, wherein the change is smaller than 8.8 %. 

3. A microwave device comprising: 

75 a substrate made of a dielectric material and having a conductive layer for a microstrip line on a 

back surface thereof; and 

a frequency conversion circuit formed on a front surface of said substrate and having a microstrip 
line for input and output thereof and a radio frequency amplifier; 

a portion of said radio frequency amplifier being electrically connected to said conductive layer 
20 through a through hole formed in said substrate, said substrate being partially thinned in a portion of 
said back surface thereof corresponding to said through hole, and the width of said micro-strip lines 
being selected so that the change in the characteristic impedance of the microstrip line, which crosses 
the front surface of the substrate, a thickness of which is changed. Is smaller than 10 %. 

25 4. A microwave device according to claim 3, wherein the change Is smaller than 8.8 %. 

5. A microwave device according to Claim 1, wherein said radio frequency amplifier is a field effect 
transistor and a source terminal of said field effect transistor and a source terminal of said field effect 
transistor is electrically connected to said conductive layer though said through hole. 

30 

6. A microwave device according to Claim 5, wherein a plurality of said field effect transistors are 
provided and they constitutes a multi-stage amplifier. 

7- A microwave device according to Claim 3, wherein said radio frequency amplifier is a field effect 
35 transistor and a source terminal of said field effect transistor and a source terminal of said field effect 
transistor is electrically connected to said conductive layer though said through hole. 

8. A microwave device according to Claim 7, wherein a plurality of said field effect transistors are 
provided and they constitutes a multi-stage amplifier. 

40 
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Fig. 3 
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